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Objectives:
• The main objective of the research is to advance the understanding of fluid physics by 
exploiting the unique characteristics of freely suspended liquid crystal films in a 
microgravity.
• To study a novel collective system of interacting, one dimensional interfaces in two 
dimensional fluids for the study of the fluid physics in two dimensions and the capillarity of 
ultrathin fluid films in bubble geometry.
OASIS Experiments:
• The OASIS flight instrument is designed to interface and operate within the MSG.
• OASIS consists of 4 sample containers that support nanometer-thin, freely suspended bubble 
film formation, droplet injection, external E field perturbation, temperature gradient and 
dynamic oscillation of the bubble.
• Experiments focus on 
- basic 2D hydrodynamics/fluid physics on freely suspended liquid crystal bubble
- probe droplet/island diffusion and mutual hydrodynamic interactions
- droplet/island coarsening dynamics on bubble
- Thermocapillary Effects (Marangoni & Thermo-Migration by temperature gradient)
- 2D Plateau-Rayleigh Instability
Thin Film LC Layering and Island Emulsion
OASIS	Science	Overview
Macro and Micro Images of Liquid Crystal Bubble
Justification for Microgravity
◆ Limitations of Terrestrial Experiments
– Gravitational sedimentation of islands & drops
– Convection of films and surrounding air
◆ Limitations of Drop Tower & Parabolic Flight Experiments
– Coalescence & coarsening of islands, ordering of drops 
take a long time
◆ Limitations of Modeling
– Lack of experimental data to test theory
◆ Need for Light Microscopy Module
– High resolution imaging of islands and defects
t=0 t = 2 mins t = 30 
mins
LC Material: 8CB
Experimental Concept
the basic phases
Experimental Concept
the basic phases
Bubble Chamber – Contains the 
Sample Container (Tox1)
(not shown) which houses the 
Liquid Crystal material, the 
hardware to create, illuminate 
and manipulate the bubble.
Digital I/O - Routes 
analog & digital 
signals to and from 
the experiment
Hard Drive 
(1TB Data Storage)
Optics/Illumination 
– Micro-observation 
including a 
polarizer, camera 
and spectrometer
Avionics (CPU) 
Macro Camera –
Macro view
of the experiment
Power Unit  –
Derives power 
from 120VDC bus 
on MSG and 
supplies system 
power at various 
voltages
Soft Start -
Prevents 
in-rush current 
exceedances.  
Alignment Guide 
(Not Shown) – Provides stabilization
of the Macro Camera
OASIS	Hardware
Smectic Liquid Crystals go into Space: 14 April 2015
OASIS Thermo-migration Experiments
(bottom needle heating)
◆ Thermo-migration  Temperature gradient of 20C
flow is from hot to cold!
~40 µm/s
heated 
needle
tim
e
t = 3 min
Bénard-Marangoni convection
temperature dependent surface tension
ThM D=
ha
s
dT
d-  a
OASIS Thermo-migration Experiments
(top needle heating)
t = 0
t = 2 min.
t = 3 min.
heated 
needle
Holes move to the hotter area (North) and islands to the colder area 
(South) and when we switched the thermal gradient direction, the holes 
and islands move in the opposite direction.
heated 
needle
OASIS Thermo-migration Experiments: Holes and Islands
(top needle heating)
The two-dimensional Navier-Stokes equations
- In most fluids α < 0, so that the surface traction is directed from a hot region to 
a cold region.
- In the smectics, the orientational order at the interface leads to an excess 
surface entropy. Consequently, there is a reversal in the sign for α, so that α > 0. 
The gradient in surface tension is then parallel to the gradient in temperature, 
positive from cold to hot.
Godfrey and Van Winkle, PRE 1996 and K. Miyano, Phys. Rev. A 1982
W. Urbach, F. Rondelez, P. Pieranski and F. Rothen, J. Phys., 1977, 38, 1275
Thermo-migration Experiments
Temperature dependence of surface tension
Surface Tension Measurements
α < 0
Sample #2 MX12846
TEXUS 52
launch April 27, 2015
Suborbital flight:      Bénard-Marangoni flow in smectic films
• suppress air convection
• exclude Rayleigh-Benard instability
• „meniscus-free“ thermal contacts
• 6 minutes of microgravity (<0.001g)
• smectic C film
• thermal gradients up to 10 K/mm 
(Godfrey/van Winkle max. 0.5 K/mm)
hot
cold
original video, top view
( time lapse 5x)
(1) Thermally induced drift
∆𝑇 = 15𝐾
• global drift against the
temperature gradient
• material is collected at
the cold plate!
• drift velocity of textures
is ~25 µm/s
space-time plot
hot
cold
(2) Thermoconvection
• finally, we found convection patterns at high T-gradients, when the material 
enters the nematic phase at the hot post (T = 62°C; SmAà N)
• convection at ΔT>24K (~10 K/mm, two orders of magnitude above G/vW)  
10x
Coarsening Dynamics of islands on bubble by diffusion-
controlled coalescence
Mean Coalescence Rate:
Mutual Diffusion Coefficient:
Seki, Komura and Ramachandran, J. Phys.: Condens. Mat ter 25 (2013) 195105
Z. H. Nguyen, M. Atkinson, C. S. Park, J. E. Maclennan, M. A. Glaser, and N. A. Clark, PRL, 105(26):268304 (2010)
Smoluchowski theory in spherical surface
average domain size vs function of
dimensionless time
(where a » ls , D = kBTls/8η3Dha )
Coarsening Dynamics of Islands in LC Bubble
Coarsening Mechanism: domain radius grows as time
- Diffusion and Coalescence of Islands
- Oswald ripening
Coalescence of Islands and Oswald Ripening
t = 0 t = 1m 41s t = 4mt = 3m
Ostwald Ripening
t = 0 t = 11 min t = 27 mint = 20 min
Coarsening Sequence
Island Nucleation, Growth and Coarsening
Islands grow through time, R(t) vs. time.
t = 0
t = 6 min
t = 13 min
Coarsening Dynamics of Island and Holes in LC 
Bubble (Domain Separation)
Chaining of islands and droplets in SmA films
Plateau-Rayleigh Instability of a Fluid Column
stream
of
water
John W. M. Bush (May 2004). "MIT Lecture Notes on Surface Tension, lecture 5"
dispersion
relation 
(growth rate)
instability to
perturbations in radius
the fluid column is unstable to disturbances 
whose wavelengths exceed the 
circumference of the cylinder
OASIS Experiment: Plateau-Rayleigh Instability
OASIS Experiment: Plateau-Rayleigh Instability
heated 
needle
fluid 
circulation
John W. M. Bush (May 2004). "MIT Lecture Notes on Surface Tension, lecture 5"
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Thermally driven convection in horizontal smectic films
thermal gradient of 0.35 K/mm
• air evacuated to 1 Torr
• T-gradient only in the meniscus
• convection even at 25 mK/mm
Bénard-Marangoni convection
temperature dependent surface tension
ThM D=
ha
s
dT
d-  a
Our experiment
Godfrey/van Winkle
• no ambient air
• thermal energy loss by irradiation
• adopts to ambient temperature
• gradients only in the meniscus
• avoid large menisci
• film in contact with ambient air
• radiation small comp. to conduction
• uniform thermal gradient
T
T
• need to suppress air convection!
Th
dT
dR D= 3g  a r
na
• smC film
• thermal gradients up to 10 K/mm 
(Godfrey/van Winkle max. 0.5 K/mm)
